To compare the content, clarity, and clinical usefulness of conventional (ie, free-form) and structured radiology reports of body computed tomographic (CT) scans, as evaluated by referring physicians, attending radiologists, and radiology fellows at a tertiary care cancer center.
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Materials and Methods
The institutional review board of Memorial Sloan-Kettering Cancer Center approved the study as a quality improvement initiative; no written consent was required. The study was in full compliance with the Health Insurance Portability and Accountability Act guidelines.
Respondents
Respondents were physicians from our institution who agreed to participate in this quality improvement project. Radiology respondents were selected from the members of the diagnostic imaging group who routinely interpret body CT studies. Representative high-volume referring clinicians, including surgical and medical oncologists, were selected from interdisciplinary disease management teams that provide subspecialty care to patients with specifi c tumor types (ie, gastric, colorectal, pancreatic, hepatobiliary, cervical, uterine, and ovarian). The surgical and medical oncologists and radiologists were asked if they were willing to participate in the study and agreed to review these reports. All respondents ( n = 11) provided data on the that such checklist-style reports are preferred by many referring clinicians. In addition, structured reports often use standardized language, such as the standardized lexicon called RadLex that is being developed by the Radiological Society of North America ( 7 ) . The use of such standardized language not only reduces the chances of miscommunication, but also makes the reports more accessible for data mining and research ( 8 ) .
Recognizing the advantages of structured reporting, the U.S. Food and Drug Administration mandated the use of the Breast Imaging Reporting and Data System for all mammography reports nearly 2 decades ago ( 9, 10 ) . The use of the Breast Imaging Reporting and Data System, which requires assignment of a specifi c diagnosis code with its associated clinical recommendation, has reduced variability in reporting and improved the clarity of communication between radiologists and referring physicians ( 11 ) . Still, the broader radiologic community has been slow to adopt structured reporting even as other medical disciplines, including pathology, endoscopy, and surgery, have embraced it (12) (13) (14) (15) . In surgery, the use of structured reporting in operating room notes has been found to increase the amount and consistency of information conveyed ( 2 ); for instance, structured surgical reports were associated with a signifi cant increase in the completeness of prespecifi ed data and were available in the electronic medical record in a shorter period of time.
Few studies have investigated the value of structured reporting in areas of radiology outside of breast imaging. Therefore, we conducted this study to compare the content, clarity, and clinical usefulness of conventional (ie, freeform) and structured radiology reports of body computed tomographic (CT) T he complexity of medical imaging has increased dramatically over the past few decades, providing radiologists with an ever-larger number of images to interpret and more imaging modalities to compare. Radiologists and referring physicians are required to correlate and integrate ever-greater amounts of radiologic, clinical, and laboratory data. Remarkably, despite these changes, the style and format of radiology reports have generally remained unaltered. Most reports still contain free-form text dictated or typed by the radiologist, with an introductory section (summarizing the examination technique and clinical history), a main body (consisting of a paragraph or more describing the fi ndings), and a brief overall impression section ( 1 ) . Some radiologists view the writing of radiology reports as an art and resist attempts at standardization. However, given the growing complexity of the information radiologists are charged with interpreting, it is worth considering whether greater standardization could result in better communication, more -complete reports, and fewer misdiagnoses ( 2, 3 ) .
An alternative to free-form reporting is structured reporting, which involves the presentation of a standard set of concepts in a standard sequence ( 4 ) . Structured reports use a template with standardized headings analogous to a checklist of necessary report elements ( 5 ) . Preliminary information ( 6 ) suggests
Implication for Patient Care
Structured radiology reporting n may improve patient care by increasing clarity and thoroughness in the communication of imaging fi ndings to referring physicians.
Advance in Knowledge
As compared with conventional n radiology reports, structured radiology reports that employed specialized templates developed with input from interdisciplinary clinical teams received significantly higher mean ratings for clarity (8.25 
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In addition, respondents used a previously developed radiology report grading scale ( 17 ) to categorize the effectiveness of each report in advancing the patient's position on a clinical spectrum (POCS) consisting of signs and symptoms, differential diagnosis, diagnosis, and change in status. The report grading scale is defi ned as follows (17): Grade I: Does not take clinical picture at least one step forward on the POCS algorithm; does not include pertinent information in the description or impression of the report.
Grade IIA: Does not take clinical picture at least one step forward on the POCS algorithm; but includes pertinent information in description but not in impression of the report.
Grade IIB: Does not take clinical picture at least one step forward on the POCS algorithm; includes pertinent information in the description and the impression of the report.
Grade III: Takes clinical picture at least one step forward on the POCS algorithm; the fi ndings are in the description but not in impression of the report.
Grade IV: Takes clinical picture at least one step forward on the POCS algorithm; the fi ndings are in the description and summarized in impression of the report.
Statistical Analysis
Mixed-effects models were used (Y.L.) to test the differences between conventional and structured reports in regard to three outcomes: satisfaction with content, satisfaction with report clarity, and POCS grade ratings. In each of the three mixed-effects models, report type and practice type (radiologist vs nonradiologist) were entered as fi xed effects. A respondent effect explaining individual respondent differences was fi tted as the sole random effect. Intraclass correlations between 30 repeated ratings nested within each of the 11 respondents were thus accounted for appropriately. Additionally, histograms of the response teams. All respondents had at least 6 months of experience reading both types of reports at our institution.
Structured Reporting Method
Before the conversion to structured reporting, a committee was formed within the radiology department and tasked with creating content standards and report templates for each imaging modality based on the needs of and input from 16 multidisciplinary disease management teams. A separate template was developed for each of the 205 most commonly performed radiologic examinations and procedures in our department. In CT, for example, 43 templates were created, corresponding to 43 different scan protocols (eg, CT chest; CT chest, abdomen, and pelvis; CT urogram; CT preoperative pancreas; CT triphasic liver). The overall structure of the templates was standardized so that all contained certain common elements ( Fig 1a ) . Various standardized entries, with associated default results in brackets, were included in the Findings section of each template ( Fig 1b ) . The default results are phrases that describe normal or unremarkable fi ndings; they become part of the fi nal report unless modifi ed by the radiologist. An example of an actual structured report is shown in Appendix E1 (online).
The structured report templates were entered into a commercially available speech recognition system (PowerScribe; Nuance Technology, Burlington, Mass). After saying "PowerScribe" and the name of a specific template, the radiologist can begin dictating results into the template.
Report Evaluation
On the basis of prior work addressing clinician satisfaction with radiology reports ( 6,16 ), respondents were asked the following two questions: (a) How satisfi ed are you with the content of this radiology report? (b) How satisfi ed are you with the clarity of this radiology report? To answer each question, respondents rated their degree of satisfaction on a scale ranging from 1 (very dissatisfi ed or very confusing) to 10 (very satisfi ed or very clear).
number of years they had been in practice and the approximate number of radiology reports they reviewed per day. No one who was asked to participate refused. Three respondents were radiologists with 25 (D.M.P.), 7, and 2.5 years of practice experience who reported reviewing an average of fi ve, 16, and 22 radiology reports per day, respectively. Three respondents were radiology fellows enrolled in a 1-year body imaging fellowship who reported reviewing an average of 15, 25, and 35 reports daily. Three respondents were surgeons specializing in oncologic surgery, hepatopancreaticobiliary oncologic surgery, and gynecologic oncologic surgery who had an average of 8.3 years in practice and reported reviewing an average of 10 radiology reports per day. Also participating in the study were two medical oncologists who had 20 and 4 years of experience in practice and reported reviewing an average of six radiology reports per day.
Selection and Assignment of Radiology Reports
Each respondent reviewed 15 conventional and 15 structured radiology reports of body CT examinations of the chest , abdomen, and pelvis or of the abdomen and pelvis, from which all patient identifi ers had been removed. No reports were reviewed by more than one respondent; thus, a total of 330 radiology reports were reviewed. The reports were selected at random from a database containing all imaging studies performed in the radiology department. The conventional reports were from scans obtained between January 2009 and June 2009; the structured reports were from scans obtained between June 2009 (when structured reporting was fi rst implemented throughout our radiology department) and September 2009. The six radiologists in the study reviewed randomly selected CT reports from the above date ranges for all tumor types. The fi ve surgeons and oncologists reviewed randomly selected reports from the above date ranges from patients whose tumor types were related to their areas of subspecialization and covered within their respective disease management
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Schwartz et al pretation of radiology reports ( 5, (18) (19) (20) (21) (22) (23) (24) (25) . Our study evaluated a uniform group of reports of body CT examinations in the setting of a tertiary care cancer center. For over 20 years, radiologists have been concerned about the quality of their radiology reports and referring clinicians' perceptions of these reports. In one study ( 26 ) , 32% of referring clinicians preferred the summary statements or impressions to be at the beginning of the report. Researchers in another study ( 20 ) found wide variability in the content of chest radiography reports and a large degree of uncertainty in the fi ndings. In that study ( 20 ) , eight content characteristics were evaluated in the radiology reports of 822 patients; overall, only 67% of the characteristics were included in the radiology reports. In our study, physicians displayed signifi cantly greater satisfaction with the content and clarity of structured reports than with the content and clarity of conventional reports. Since satisfaction with the content and clarity of conventional reporting was high, the fact that a signifi cant improvement could be achieved with structured reporting is remarkable. The improvement in satisfaction was greater for for conventional reports (13 ratings), as seen in Figure 4 .
Clarity scoring did not differ significantly between radiologists and nonradiologists ( P = .462), and no interaction was present between report and practice type ( P = .208) ( Table 2 ). Conventional reports received 13 clarity satisfaction ratings of 10 from radiologists but none from nonradiologists ( Fig 5 ) . For structured reports, no clarity ratings by either radiologists or nonradiologists were below 4, and no ratings by radiologists were below 6.
Radiology Report Grading Scale
The POCS grades were similar for the two report types. For these calculations, grade I was assigned a value of 1; grade IIA, 2; grade IIB, 3; grade III, 4; and grade IV, 5. Conventional reports received a mean rating of 4.11 (95% CI: 3.67, 4.54) (approximately grade III), whereas structured reports received a mean rating of 4.27 (95% CI:, 3.82, 4.70) (still close to grade III but slightly closer to grade IV than the mean rating of conventional reports). The difference was not signifi cant ( P = .146) ( Table 3 ) .
Grade ratings did not differ significantly between radiologists and nonradiologists ( P = .822), and no interaction was present between report and practice type ( P = .745) ( Table 3 ) .While the majority of grades given by both radiologists and nonradiologists were greater than or equal to IIB, radiologists more frequently gave grade IV ratings and less frequently gave grade I ratings than did nonradiologists for both report types ( Fig 6 ) . Few grades of I or IIA were given by radiologists or nonradiologists for either report type ( Fig 6 ) .
Discussion
Face-to-face contact between radiologists and referring physicians has been diminishing with the growing use of picture archiving and communication systems. Thus, the quality of written radiologic reports is more important than ever and paramount for optimal patient care. To our knowledge, relatively little has been published regarding the effect of structured reporting on physician interdistributions were plotted (A.R.B.) to enable further examination of patterns of response across report and practice type. Figure 2 shows the distribution of ratings for satisfaction with content for both conventional and structured reports. While conventional reports received a modal response score of 8, structured reports received visibly more ratings of 10 (very satisfi ed) (46 vs 15 instances). In addition, a small minority of reviewers gave ratings in the 2-3 range for conventional reports (three instances), whereas none of the reviewers gave these extremely low ratings to structured reports.
Results

Satisfaction with Content
Nonradiologists reported more satisfaction with the structured reports than did radiologists, but the interaction between report and practice type was not signifi cant ( P = .058) ( Table 1 ) . No radiologist gave a satisfaction rating lower than 4, whereas there were three instances of nonradiologists giving such low ratings to the conventional reports ( Fig 3 ) . Conventional reports received 15 ratings of 10 from radiologists but none from nonradiologists. For structured reports, however, both radiologists' and nonradiologists' ratings clustered around the higher end of the scale, with a nearly equal number of 10 ratings (24 for nonradiologists, 22 for radiologists) and no ratings below 4.
Satisfaction with Clarity
Mean clarity satisfaction ratings for conventional and structured reports were 7.45 (95% CI: 6.89, 8.02) and 8.25 (95% CI: 7.68, 8.82), respectively; the difference was signifi cant ( P , .0001) ( Table 2 ) . Respondents gave more clarity satisfaction ratings of 10 (very clear) for structured reports (44 ratings) than 
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Schwartz et al referring physicians than for radi ologists. It is likely that radiologists, who in clinical practice review patients' prior radiologic reports, have prior images conveniently available, can readily interpret those images, and can more easily tease out important information. Some referring physicians, however, may rely more on the written content of reports than the actual images, and thus, their increased satisfaction with structured reports may be meaningful. The overall grades given by using the report grading scale (17) did not differ signifi cantly between conventional and structured reports. This scale is a useful metric for measuring clinical change, but it may be better used with more specifi c clinically relevant data and information, which we did not provide. Grades did not decrease with structured reporting, an effect that has been feared by some ( 17 ) . The lack of a signifi cant difference in the grade ratings may also be a result of the distribution of grade ratings, which was skewed toward positive ratings and, therefore, had quite a constricted range. The majority of physicians gave high grade ratings to the conventional 
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reports, leaving little room to assign higher ratings to structured reports. These fi ndings differ from those of a study by Johnson et al ( 27 ) , who found decreases in accuracy and completeness with structured reporting. The reports were simulations (ie, not based on realtime image interpretation) dictated by resident trainees, and the grading for accuracy and completeness was performed by a single neuroradiologist. Naik et al ( 23 ) confi rmed many of our fi ndings in a different type of analysis. In their study, they fi rst performed a retrospective audit of randomly selected reports, and then they administered a questionnaire to radiologists and referring clinicians containing three mock clinical scenarios and pairs of prose and itemized reports for each scenario. Their results showed a strong preference for computer-generated itemized reports among both referring clinicians and radiologists. They found that appearance, completeness, and structured format were the most important cited advantages of the structured reports. Furthermore, their initial audit of existing reports showed the inconsistencies that appear with the use of traditional prose reports. Prose reports may be confusing to some clinicians. For instance, in the United Kingdom, a group of general practitioners was found to prefer a detailed report in a tabulated or structured format ( 16 ) . Interestingly, this same group of referring clinicians was found to be confused when the size of a structure was given without an explanation of its relevance ( 16 ) . Structured reporting is new to radiology and is confounded by both human and technological challenges. Some radiologists complain that the structuring process interferes with their interpretation of the images since their attention may be diverted to interactions with the reporting system and could potentially reduce diagnostic accuracy ( 5 ) . In addition, some radiologists fear having to change behaviors they have been accustomed to since their training. It is interesting that, while radiologists have been slow to adopt structured reporting, their clinical referral base seems
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Schwartz et al dictated in both the conventional and structured systems, which may have led to bias toward the newly implemented system, which is to be used exclusively moving forward at our institution. Finally, we did not evaluate or compare the time spent by interpreting radiologists in producing conventional versus structured reports. The advent of digital imaging, new imaging modalities, and image postprocessing has dramatically increased the amount of raw data available for radiologists to interpret. Throughout these changes, the convention of free-form reporting in radiology has prevailed, presenting a contrast to the growing movement toward standardization in medicine that has developed out of the desire for more effi cient evidence-based care. Our results and those of prior studies indicate that structured reporting can provide the benefi ts of standardization (eg, clearer communication, increased accessibility of data for research) without compromising radiologists' ability to communicate qualitative fi ndings and opinions. Furthermore, a key feature of evidence-based medicine is the ability to assess quality, and structured reporting makes the evaluation of quality indicators for both radiologic studies and reports much easier, since individual elements measuring quality are more easily defi ned in a structured report. Developing user-friendly systems for structured reporting that do not diminish effi ciency by imposing new distractions remains a major challenge.
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Disclosures of Potential
Our study had a number of limitations. It was performed at a tertiary care cancer center. While this focus limits the general applicability of the results, it is likely that structured reporting systems will be implemented with many templates and vocabularies that are indeed highly focused and tailored to specifi c diseases and perhaps even disease states (eg, preoperative staging, postoperative follow-up, posttherapy assessment, routine posttreatment surveillance). Our sample size was relatively small, but that was unavoidable owing to the need for expert readers. We also only tested one structured reporting system, without matching of content, and different systems would likely have yielded different results. However, our system uses templates that could be incorporated into any structured reporting software package. Further, the same reports were not strongly in favor of this type of reporting. Langlotz and Siegel ( 28 ) point out that a reason that radiology appears to be slow in adopting structured reporting relative to other specialties may be owing to the limited nature of certain diseases and the ability to adopt a manageable list of templates for specialties such as cardiology and gastroenterology.
Structured reporting systems have generally not been built into picture archiving and communication system workstations, and the templates for structured reports need to be customized to meet the needs of the particular referring physicians in a given practice (eg, the needs of medical oncologists differ substantially from those of emergency room physicians) ( 29 ) . In developing the templates for our structured reporting system, we sought input from many attending radiologists with expertise in different dis ease processes and/or imaging modalities. Equally importantly, we consulted with referring physicians to address their needs and concerns. We believe that this intense involvement of radiologists and referring physicians greatly facilitated user acceptance of structured reporting. Furthermore, the 
